22 Mercury (Hg) is characterized by the ability to migrate between continents and adverse 23 effects on human health, arousing great concerns around the world. The transboundary 24 transport of large anthropogenic Hg emissions from China has attracted particular 25 attention, especially from neighboring countries. Here, we combine an atmospheric 26 transport model, a mass budget analysis, and a multiregional input-output model to 27 simulate the atmospheric Hg outflow from China and investigate the impacts of Chinese 28 interprovincial trade on the outflow. The results show outflows of 423.0 Mg of 29 anthropogenic Hg, consisting of 65.9% of the total Chinese anthropogenic emissions, 30 from China in 2010. Chinese interprovincial trade promotes the transfer of atmospheric 31 outflow from the eastern terrestrial boundary (6.4 Mg year -1 ) to western terrestrial 32 boundary (+4.5 Mg year -1 ) and a net decrease in the atmospheric outflow for the whole 33 boundary, reducing the chance of risks to foreign countries derived from transboundary 34 Hg pollution from China. These impacts of interprovincial trade will be amplified due to 35 the expected strengthened interprovincial trade in the future. The synergistic promotional 36 effects of interprovincial trade versus Hg controls should be considered for reducing the 37 transboundary Hg pollution from China.
6 107 nonpoint sources in terms of industrial productivity and gridded population density.
108 Seasonal variations have not been evaluated for the emissions due to data unavailability.
109 The production-based emissions for each province and each economic sector are given in 124 where X is a vector of the total monetary output for different sectors, Y is a vector of 125 final demand for different sectors, including final consumption (F) (i.e., urban household 126 consumption, rural household consumption, government consumption and investment)
127 and international export (E). I represents the unsity matrix, and A denotes the direct 128 requirement coefficient matrix. Element a ij in matrix A is defined as the intermediate
To evaluate the impacts of interprovincial trade, we set up a hypothetical scenario 141 with an absence of interprovincial trade. We assume the trade partners could produce the 142 same goods which are originally involved in interprovincial trade locally, and then EEI of 143 a given province are assumed to be relocated from its trade partners to the province.
144 Similar to previous studies, 30,31 the assumed relocation of EEI reveals the same 145 technologies when producing the same goods between trade partners and is used to 146 evaluate the difference between existence and absence of interprovincial trade. The 147 results of trade-induced emissions are shown in SI Dataset S4 and Dataset S5. Meanwhile, 148 the net emission flows induced by interprovincial trade is shown in Figure S2 . 183 Meanwhile, the net change in atmospheric Hg burden within a region also equals the 184 difference between the atmospheric Hg burden at the beginning and at the end of the 185 simulation period. The schematic can be expressed by the following equations:
188 where FB is the atmospheric burden within the region at the end of the simulation period 189 and IB is the atmospheric burden within the region at the beginning of the simulation 190 period. IM, OM, E and D represent the Hg mass that enters the region, the Hg mass that 191 leaves the region, the atmospheric emissions in the region and the atmospheric deposition 192 in the region over the simulation period, respectively. OF represents the net atmospheric 193 outflow from the region via atmospheric transport, which can be defined as the difference 194 between the Hg mass leaving the region and entering the region. All the terms are in Mg 195 per period. In this study, we evaluate all the terms driven by Chinese anthropogenic Figure S2 ), which was also reported by previous 240 studies. 26, 28 These emissions are easily deposited in terrestrial ecosystems and stored in 262 Accordingly, the decrease in atmospheric outflow from the eastern terrestrial boundary 263 and the subsequent decrease in atmospheric deposition over the seas outside the eastern 280 Figure S2 ). An increase in deposition is observed over the sea and land near southern 281 Japan during interprovincial trade, which is attributed to both imported emissions into the 282 North China Plain (e.g., Hebei, Shandong) (SI Dataset S4) and the seasonal winds of the 283 East Asian Monsoon. Meanwhile, wind shear over the region may contribute to greater 284 deposition and amplify the increase ( Figure S3a and S3d).
285
In the spring and summer months, the prevailing wind direction is from the 286 Northwest Pacific to Siberia, the opposite direction of the wind in the autumn and winter 
